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ABSTRACT 

This issue of "CQ Researcher" examines the theme of 
computer networking in the classroom and discusses uses past and 
present. It begins with an ess'iy by Christopher Conte that discusses: 
"Does computer networking rosily enhance learning? Are teachers 
adequately prepared to take advantage of computer networking? Will 
computer networking promote equality or widen the gap between poor 
and affluent Americans?" The "Background" section looks at barriers 
to use, the limited early role of computer assisted instruction, and 
the present, more advanced uses of computers. The "Current Situation" 
section contains brief articles on high costs and federal initiatives 
associated with computer networking. The "Outlook" section considers 
technology and educational reform. The "Sidebars and Graphics" 
segments include: (1) "Sharing Computers,” a United States map with 
shadings that indicate ratios of students per computer; (2) "How an 
Imaginative California School District Takes Students Where Textbooks 
Can’t Go"; (3) a "Technology in Schools" bar graph; (4) "Field Trips 
of the Future"; (5) a "Chronology" of key networking events since 
1962; (6) "Networking Resources on the Internet Range from the 
Esoteric to the Practical"; and (7) a debate over whether computer 
networking improves instruction. Two annotated bibliographies, with a 
total of 39 recommended sources, are appended. (BEW) 
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Networking the Classroom 

Can computer technology reform education ? 

A growing number of schools are rushing to 
get on the information superhighway. They 
view the ability to navigate telecommun- 
ications byways as vital to survival in the 
information age. Added impetus comes from school 
reformers, who say computer networks can link schools 
to the “real world,” bring vast new stores of information 
into classrooms and teach children to become lifelong 
learners. Skeptics see the current fascination with 
technology as an expensive diversion and warn that the 
inherent conservatism of schools will thwart the 
reformers’ dreams. The outcome may hinge on whether 
Americans accept the reformers’ vision of a complete 
overhaul of the education system, and whether society 
matches its zeal for installing computer hardware with a 
commitment to train teachers to use it effectively. 
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THE ISSUES OUTLOOK 



Qfl 2 Does computer network- 

'“•) ing really enhance learn- 

ing? Are teachers ad- 
equately prepared to take 
advantage of computer 
networking? Will com- 
puter networking pro- 
mote equality or widen 
the gap between poor 
and affluent Americans? 

BACKGROUND 

020 Barriers to Use 

The traditional, teacher- 
centered approach to 
education in the U.S. 
limits the use of comput- 
ers in schools. 

020 Early Role Limited 

Computer-assisted instruc- 
tion initially offered 
students little chance to 
explore issues in depth. 

Q2C More Advanced Uses 

Computers in schools 
are now being used 
more to foster the 
development of higher- 
order thinking skills. 

CURRENT SITUATION 

02^ High Cost 

/jv The cost of up-to-date 
computer networking in 
schools has been esti- 
mated at $112 billion. 

020 Government Initiatives 

President Clinton has set 
four priorities for federal 
research in educational 
technology. 
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Technology and 
Reform 

Successful networking 
will require fundamental 
changes in education, 
advocates argue. 
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Networking t he Classroom 

By Christopher Conte 



Thf. Issues 

Y i-Lun Ding called it "Mission 
Possible.” For a sophomore 
science project. Yi-Lun and a 
group of fellow students at Montgom- 
ery Blair High School in Silver Spring, 
Md., wanted to build a device to simu- 
late how ozone is analyzed in the 
stratosphere. Concluding that his "re- 
search team*' needed expert advice, 
he went to the school s computer lab 
and ventured out onto the Internet 
looking for help. 

Yi-Lun searched the public data 
bases maintained by the National 
Aeronautics and Space Administration 
(NASA) and found the chief investiga- 
tor of an ozone expedition in Antarc- 
tica. Then, he recalls, “I e-mailed him 
describing our project, and he referred 
me to the scientist who was respon- 
sible for detecting ozone., Jim Elkins. 
We corresponded through e-mail and 
learned the techniques he used in his 
experiment. We even received a vid- 
eotape, articles his team wrote for 
Science and booklets from NASA, 
which helped with our presentation.” 
Yi-Lun doesn t explore cyberspace 
just to gather information. He also is an 
international “publisher,” maintaining his 
own Internet “home page” where com- 
puter users worldwide can read his 
resume and his thoughts on such topics 
as the Endangered Species Act. 

Computer advocates and education 
reformers consider students like Yi- 
Lun as models for the future of edu- 
cation in America, Actively engaged in 
challenging, real-world tasks, they sift 
through the raw materials of the infor- 
mation age to find cutting-edge data, 
learn directly from scientists and other 
experts and communicate their own 
ideas far beyond the walls of their 
schools. Their tools: computers con- 
nected to one another over the vast 
network known as the Internet. 1 
The idea of linking schools to the 



computer network has become one of 
the hottest education topics of the 1990s. 
President Clinton has said the U.S. 
should set a national goal of connecting 
every school to the information super- 
highway by the year 2000. “I want to 
get the children of America hooked on 
education through computers/’ Clinton 
said in a speech in California Sept. 21, 
adding, “we must make technological 
literacy a standard.” 

But Clinton’s networking goal al- 
most certainly is beyond reach. Cur- 
rently, just 3 percent of the nation’s 
elementary, middle and high school 
classrooms have Internet connections, 
and only about 16 percent of teachers 
use the Internet or computer-based 
communication services like America 
Online, CompuServe or Prodigy, ac- 
cording to the Denver research firm 
Quality Education Data Inc. 2 Linking 
the remaining classrooms could cost 
$30 billion or more, plus at least $5 
billion in annual operating expenses. 5 
Currently, schools spend under $3 
billion of their $249 billion annual 
budgets on all forms of technology, 
according to McKinsey & Co., a New 
York-based consulting firm. 

Some critics question whether the 
current fascination with computer 
networking i& blinding us to more 
pressing needs, “Our schools face 
serious problems, including over- 




crowded classrooms, teacher incom- 
petence and lack of security/’ notes 
Clifford Stoll, author of a popular 
critique of cyber culture. "Computers 
address none of these problems. 
They're expensive, quickly become 
obsolete and drain scarce capital 
budgets.” * 

Still, the idea of bringing computer 
networking to schools has captivated 
many policy-makers, educators and 
parents. In the process, it has spawned 
a vibrant dialogue about the way class- 
rooms function, the relationship be- 
tween schools and other institutions 
and. ultimately, even what students 
should be expected to learn. 

The push to connect classrooms 
draws much of its force from a vision 
that computer networks could serve 
as catalysts for fundamental reform of 
education. In the traditional classroom, 
teachers are the focal point of activity. 
They transmit an established body of 
knowledge to students, who are 
judged by their ability to absorb and 
repeat those basic skills and facts. But 
in the new, reform model, students 
assume more responsibility for setting 
their own educational goals and then 
develop skills to seek, sift and analyze 
information in pursuit of these objec- 
tives. ( See story . p. 926.) 

As for teachers, they “change from 
being the repository of all knowledge 
to being guides or mentors who help 
students navigate through the infor- 
mation made available by technology 
and interactive communication,” says 
the National Academy of Sciences. 
“They help students gather and orga- 
nize information, judge its value and 
decide how to present it to others/’ s 

The idea of "student-centered” or 
"inquiry-based” learning traces its roots 
back at least to 18th-century philoso- 
phers like Rousseau. But it has gained 
added impetus as the economy has 
evolved from the mass production 
inodel of the 20th century to a 21st 
century “information age” model. As 
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Sharing Computers 



More students have to share computers in Hawaii and Louisiana than in any other states. Wyoming has the lowest number 
of students sharing. Nationwide, there are an average of 10.5 students per computer. 




a growing number of educators and 
economists see it. the traditional class- 
room. with its strong central authority 
and its emphasis on training students 
to take orders and perform narrow 
tasks, may have prepared children 
adequately for work in 20th-century 
factories. But it can't impart the skills 
they need in the workplace of the 21st 
century, where there’s a premium on 
workers who are flexible, creative, 
self-directed and able to solve prob- 
lems collaboratively 

Besides, analysts argue, knowledge 
is changing so rapidly that teaching an 
established body of facts is of little 
value. It’s more important now, edu- 
cators say. to give students the skills 



to go on learning throughout their 
lives. “In 1850. it took about 50 years 
to double the world’s knowledge 
base.’’ notes Frank Withrow, director 
of learning technologies for the Coun- 
cil of Chief State School Officers. 
‘Today, it takes only a little more than 
a year. The way we store, retrieve and 
use information is vastly different in 
the information age. . . . The Ameri- 
can work force does not need 
knowers, it needs learners.’ ” * 

In the early days of computers in 
classrooms, critics worried that tech- 
nology would undermine the role of 
schools in socializing children. But 
networking advocates say that linking 
computers actually increases stxial in- 
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teraction and collaboration. “The 
Internet is much, much more than just 
a vast library of information: It is also 
a community ... a gathering place . . . 
w r here you can find experts on almost 
any topic . . . and share your expertise 
with the world.” says the Online Internet 
Institute, one of various groups that 
introduce teachers to computer net- 
working. “This is a place where collabo- 
ration and synergy occurs, where the 
results and benefits you experience far 
exceed the sum of their individual 
parts.” " (See story \ p. 932.) 

Further, advocates argue that com- 
puter networking, by conveying the 
printed word electronically, combines 
the speed and immediacy of the oral 
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tradition with the opportunity for more 
considered communication associated 
with the printed word. And they con- 
tend that computer-based communi- 
cation allows just enough distance that 
artificial social barriers — including 
the segregation of children from the 
rest of society (and even each other) 
in age -graded classrooms — lose their 
relevance. 

‘'Kids need lots of interaction with 
adults/* says Mary Ellen Verona, a 
computer sciences teacher at Blair 
High School and principal investiga- 
tor for the Maryland Virtual High 
School Project, which seeks to link 
schools for collaborative learning 
projects. With networking, she argues, 
“school becomes part of the real 
world. It's no longer an age ghetto/* 

Instant communications have be- 
come so much a part of American life, 
she adds, that it is becoming increas- 
ingly difficult for schools to operate 
without them: “You can’t expect to 
keep kids interested with five- or 10- 
year-old textbooks when they’re ex- 
posed to instant information on CNN 
and computers at home.” 

One thing is clear: Computer net- 
working has unleashed tremendous 
enthusiasm in schools that have it. 
“My curriculum has never been so up- 
to-date, so exciting for me,” says 
Patricia Weeg, who teaches at Delmar 
(Md.) Elementary School. Using 
KIDLINK, a grassroots project that has 
drawn 37,000 students together. 
Weeg’s students have established 
computer “keypals” in Finland, Rus- 
sia, Tasmania, Japan, Brazil and else- 
where. They have talked about the 
pyramids with an Egyptian schoolgirl 
named Mariam, learned from kids in 
Alaska about life in a remote village 
and taken a “virtual tour’* of the 
Thames River with a British teacher. 

“Are we linked to a larger teaching 
and learning community?** asks Weeg. 
“You bet we are! ... In the global 
classroom, the curriculum is a living’ 
curriculum with real people — not 
textbooks — feeding our desire to 



learn and explore.** 

For many teachers, originating com- 
munications is at least as important as 
receiving them. Mary O’Haver, a 
teacher at Fairland Elementary School, 
near Montgomery Blair, has turned 
her fifth-grade social studies class into 
a veritable publishing empire. Her 
students have used desktop publish- 
ing skills to prepare handsome auto- 
biographical newspapers. On their 
web page, they have presented com- 
memorative stamps on the Bill of 
Rights and important figures in Ameri- 
can history. Several, like Christine 
Brewer, w'ho prepared a report on 
Pocahontas, have received e-mail from 
far-flung readers. 

Joyce Brunsvold, a Fairland read- 
ing teacher, says children are more 
motivated when they know they’re 
actually communicating with people 
beyond school. “Kids know that par- 
ents and teachers are going to say 
Good job/ ” she notes. “But when a 
total stranger sends e-mail comment- 
ing on something you wrote, it means 
a lot more.” In addition, Brunsvold 
says, children find it easier to write 
and edit on the computer — and 
hence, do more of both. 

Being connected has a pronounced 
impact on teachers, too. O’Haver 
spends relatively little time lecturing 
or policing behavior. And she has 
exchanged ideas about teaching and 
even conducted some joint classes 
with teachers in Tasmania and British 
Columbia. She also plugs in to MDK- 
12, an on-line network for teachers 
hosted by the University of Maryland. 
In short, networking has banished the 
classroom teacher s traditional isola- 
tion. “Who would have thought this 
electronic device could bring me so 
many friends?" asks O’Haver. 

For O’Haver, part of the process of 
lesson planning is searching the 
Internet for new connections for her 
students. One day she stumbled upon 
Monarch Watch, a research project 
launched by University of Kansas 
entomologists. Using the Internet, they 



have enlisted an estimated 20,000 stu- 
dents nationwide to help track the 
annual migration of monarch butter- 
flies. Students catch monarchs, tag 
them and report on any tagged but- 
terflies they find. 

The idea of grade schoolers partici- 
pating in real research and learning 
from actual scientists is almost as 
captivating as monarch butterflies 
themselves. But as yet there is no 
agreement that it’s worth the invest- 
ment that would be required to 
achieve it. 

“Schools are faced with an enor- 
mous price tag, but they’re looking at 
shrinking state budgets and an attack 
on federal investment in education," 
notes Michelle Richards, federal net- 
works advocate for the National 
School Boards Association. “The only 
recourse they have, other than cutting 
existing programs, is to raise local 
taxes — and most communities aren’t 
willing to do that.” 

Whether advocates of networking 
can build the sustained public support 
needed to connect schools depends, 
in large part, on the answers to three 
basic questions: 

Does computer networking 
realty enhance learning ? 

There is no simple answer. Hun- 
dreds of studies suggest that comput- 
ers can be effective teaching tools, 
though not dramatically better than 
other technologies or traditional in- 
structional methods. But most of this 
research has focused on earlier, self- 
contained uses of computers, and 
therefore may be of limited value to 
the current debate over networking. 
( See “At Issue,” p. 937) 

Moreover, many of the analyses 
suffer serious methodological flaws. 
In a 1985 review, Richard Clark, an 
education professor at the University 
of Southern California-Los Angeles, 
found that researchers frequently 
failed to distinguish the effect of com- 
puters in the classroom from that of 
the teachers delivering the instruction. 
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How an Imaginative California School District 



F orget “back to the basics.” In northern California, 
some students are using computers to communicate 
with scientists about the future of aviation. Others are 
tapping into the Canadian Meteorological Center to study 
weather patterns. Still others are offering advice to 
governments — actual state governments and foreign 
countries — on how future population trends may affect 
demand for various services. 

That’s not all that’s happening in the cyberspace of the 
rural Mendocino Unified 
School District. Teenage girls 
communicate with pro- 
fessional women about careers, 
and deaf students learn how 
to use the Internet, a powerful 
communications medium 
where being unable to hear is 
no disadvantage. 

All these activities, and more, 
are described in detail on the 
school district’s own Internet 
web page. 1 Together, they 
demonstrate many of the 
pedagogical ideas that increas- 
ingly have come to be 
associated with computer 
networking — including an 
emphasis on interdisciplinary 
study, collaborative projects, 
active learning and use of the 
Internet both to gather information on topical issues and to 
communicate with people far beyond school walls. 

They’re a far cry from the “three R’s” that today s 
grandparents were taught, or even the “new math” and 
other innovations introduced during the school days of 
today’s parents. Consider, for instance, “Flight: the 
Confluence of Technology and Dreams,” a 12-week course 
at Mendocino Grammar School. 

Students begin by studying ancient myths — Icarus, Pegasus 
and others — that gave voice to man’s desire to fly. Then they 
read about the actual historical figures — from Leonardo da 
Vinci to the Wright brothers to today’s aerospace manufacturers 
— who made human flight a reality. Next, they study the 
physical science of flight, using computer-simulated glider 
designs as well as low-tech tools like paper airplanes. 

At that point, the students go where few textbooks can go: 
first to a vast store of information available over the Internet 



about current flying machines such as the Harrier jet, and then 
directly to on-line aviation -discuss ion groups, where they make 
contact with aeronautical engineers who share their own dreams 
about the aircraft of the future. 

In the final stage of the project, students organize into 
teams to create their own ideal airplanes of the future and 
discuss the technical, economic and other barriers that would 
have to be overcome to make the dreams a reality. 

“The underlying idea for this unit is to connect the 
human dreams of flight with the 
technological changes which 
. . . make those dreams come 
true," write teachers Deena 
Zarlin and Claire Skilton, who 
designed the course. 

The Mendocino curriculum was 
launched three years ago. School 
officials wanted to establish an 
Internet connection, but the rural 
community had no local access to 
the vast computer network. Enter 
the National Aeronautics and 
Space Administration (NASA), 
which provided equipment, 
technical advice and access to the 
Internet via its Ames Research 
Center in Sunnyvale, Calif. “In 
return, we developed a curriculum 
for NASA,” notes school 
Superintendent Kenneth Matheson. 

NASA, whose 1958 charter requires it to disseminate its 
findings, is probably more involved in education than any 
federal agency other than the Department of Education 
itself. Several Mendocino courses, including the one on 
flight, make use of NASA’s abundant on-line resources. In 
another class, fifth- and sixth-graders plumb such NASA 
data sources as SPACELINK, which provides technical 
information about the space program, to study the solar 
system . 2 The students then construct a slide show using 
ClarisWorks, a software package, describing a voyage to a 
chosen celestial body. 

Not all the projects take students so far from home. A 
course on earthquakes is of definite local interest in 
Mendocino, which sits just one mile from the infamous San 
Andreas fault. In the class, sixth-, seventh- and eighth-grade 
students use the Internet to collect updated reports on 
seismic activity from the U.S. Geological Survey, plotting 




Deep in cyberspace in Mendocino , Calif. 



Muqh of the supposed beneficial im- 
pact of computers disappeared, he 
said, when the teacher or instructional 
method were held constant. 

Clark also reported that computers 



generally were credited with having 
the biggest effect in short-term stud- 
ies. 1'his suggested that much of the 
gain associated with computers may 
have resulted from the novelty of the 



new technology, rather than some 
underlying advantage. 

■The best current evidence is that 
media are mere vehicles that deliver 
instruction, but do not influence stu- 
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